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INTRODUCTION 
The current valine requirement (NRC, 1979) for pregnant swine was 
obtained from late pregnancy nitrogen balance trials conducted by Rippel 
et aj_. (1965). Nitrogen balance was the only criterion used to estimate 
the valine requirement. 
The purpose of this experiment was to determine an estimate of the 
valine requirement for pregnancy in swine in which metabolic, reproductive 
and productive responses to different levels of dietary valine were 
evaluated. 
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LITERATURE REVIEW 
The main objective of swine reproduction is to produce a high number 
of weaned piglets per sow per year at a weight that will allow good post-
weaning performance. The supply of nutrients has a direct or indirect in­
fluence on a number of functions in the breeding sow (O'Grady, 1980). 
First, the needs of the developing fetus takes highest priority in the 
allocation of nutrients. Second, the requirement for lactation and body 
tissue growth must be met. Third, nutrients are needed to meet the re­
quirements for fertility and long term reproduction. This latter cate­
gory poses the greatest problems, because it is difficult to measure. 
Most experiments have been of short duration, and whether the treatments 
have had any effect on fertility remains unanswered. Herein, I will 
review some of the research that has been done concerning feeding levels, 
protein levels and amino acid nutrition of the sow. Special consideration 
will be given to valine, as well as to some of the techniques used to 
assess amino acid requirements for pregnant swine. 
Feeding Level 
In the last fifteen years, there have been numerous reports on 
feeding levels for pregnant sows, among them, the reviews by Lodge (1969 
and 1972), offer a good discussion. In general, the recommendations of 
feeding levels for pregnant sows have dropped from ad libitum to a re­
stricted allowance (Etienne, 1979). This is a result of economic factors 
as well as the reduced energy needs of the sow associated with the move­
ment of commercial swine production to confinement. Therefore, the im­
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portance of nutrition and management becomes more relevant to obtain high 
conception rate, lactation, and rebreeding performance (Tanksley, 1982). 
The reduction in feeding levels during pregnancy is related to tfie 
occurrence of pregnancy anabolism (Gourde!, 1957), that is the net 
weight gain of sows during pregnancy. The specific effect of pregnancy 
upon metabolism may be regarded as pregnancy anabolism in the strict 
sense of the term, but in practice refers to the sow's weight gain. The 
pregnancy anabolism was recognized in the pig by Evans (1929) and further 
discussed by Salmon-Legagneur and Rerat (1962). 
Since pregnancy anabolism confers upon the sow a buffering ability 
when kept at low levels of intake, some research has been done at dif­
ferent stages of pregnancy to test low levels of feeding. Elliot and 
Lodge (1977) reduced daily feed allowance from 2.27 kg to .45 kg during 
the last two weeks of pregnancy without showing any significant effect 
on litter size or weight of piglets at birth. Since all pigs were 
slaughtered by 96 hours after birth, no weaning data were obtained. Later, 
the same authors (Elliot and Lodge, 1978) conducted another experiment to 
evaluate the effects of feeding 2.27 kg and .45 kg, during the last two 
weeks of pregnancy upon postfarrowing litter performance. As in the first 
experiment, there were no significant differences attributable to pre-
farrowing treatment with respect to survival, average weaning weight or 
total litter gain. These results illustrate the considerable capacity of 
the sow to tolerate very low feed intakes even during periods of pre­
sumed high requirements (Salmon-Legagneur and Rerat, 1962), and the 
ability to compensate without any apparent loss in her overall efficiency. 
On the other hand, overfeeding of sows is not only wasteful (Frobish 
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^ an,. J 1966; Tanksley, 1982), but extremely overconditioned sows 
generally have smaller litters, experience more difficulty at farrowing, 
and their productive life is decreased. 
Protein Level 
Most of the definitive protein requirement studies for pregnancy have 
been conducted in the last 20-25 years. 
Considering the ability of pregnant swine fed protein free diets to 
maintain pregnancy and produce litters with reasonable numbers of viable 
pigs (Young, 1975), it is essential that long term studies be made to 
evaluate the effects of dietary treatments upon reproductive performance 
in swine. 
Boaz (1962) fed a high (19.6%), a medium (15.3%), and a low (10.8%) 
level of protein in the diet with a daily intake of 6 lb per day. He 
reported reproductive failure associated with the low level of protein in 
the diet, and increased baby pig mortality. In a later report (Frobish et 
£[., 1966), indicated that a high protein intake (364g/day) during ges­
tation, was superior to a low protein intake (182g/day), thus agreeing 
with the results obtained by Boaz (1962). As mentioned by Rippel (1967), 
however, the differences in Frobish et £!_.'s (1966) were significant in 
only one of his trials. At the same time evidence was accumulating that 
protein requirements of the sow for normal reproductive performance could 
be less than formerly recognized (Pond and Walker, 1968). 
In an experiment (Holden et , 1968) in which 146, 218, 291, or 
364 g per day of high quality protein were fed to sows', there were no ill 
effects of low protein dietary levels on breeding performance. This work 
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(Holder et 3%., 1968), along with the report of Pond and Walker (1968) 
started the trend towards reduced levels of protein fed to pregnant sows. 
In a study (Greenhalgh et al^., 1977) involving 468 litters, four levels 
of protein were fed during pregnancy. It was found that 230 g of protein 
per day (or 11.5% of the diet) provided the lowest protein intake 
consistent with satisfactory performance. This value is slightly higher 
than the NRC (1979) recommendation of 216 g of protein per day. In another 
report (NCR-42, 1978) it was suggested that 180 g of protein per day (or 
9% of the diet), may not be enough to maximize reproductive performance. 
Thus, at present we should consider the NRC (1979) value as being close 
to the protein requirement for pregnant swine. This has been supported by 
later studies in which Greenhalgh et (1980) stated once more that 11% 
protein during pregnancy seems to meet the requirement for reproduction. 
In relation to the influence of protein levels fed during pregnancy 
upon lactation performance of the sow, Frobish et (1966) reported 
that more pigs were weaned from the sows on a high level of protein in­
take (364g/day) during gestation than from the sows on the low level of 
protein intake (182g/day). Later, it was shown (Pond and Walker, 1968) 
that weaning performance was more affected by postnatal than by pre­
natal treatment. In the study of Holden et (1968), a diet containing 
8% high quality protein fed at the level of 1.82 kg daily during ges­
tation and fed ad libitum twice daily during lactation provided adequate 
amount of protein for satisfactory reproductive performance. In more 
recent studies (Mahan, 1977; Duee et , 1980) a detrimental effect on 
reproductive performance was observed, when pregnant sows were fed a diet 
containing 10% crude protein. But unlike Holden et 's (1968) high 
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quality protein diets, in the latter studies the protein was provided by 
corn alone or by corn and only 5% soybean meal. Long term protein 
deprivation during gestation, however, seems to lower the maternal milk 
supply (Pond and Walker, 1968; DeGeeter et a^., 1972; Young, 1975). 
When a low protein level is fed during pregnancy an improvement is 
observed (NCR-42, 1978) on piglet weight gain at 14 days post-partum when 
the lactation protein level of the diet is increased to 16% with no 
further improvement with higher protein levels. This response to low protein 
levels during pregnancy, and high protein levels during lactation has 
been reported by other researchers (Greenhalgh et , 1977 and 1980; 
Mahan, 1977). In a later report Mahan (1981) agreed with the low-
high sequence, but he also pointed out that due to the carry over re­
sponse from gestation to lactation, the lower protein level fed during 
gestation should correspond to a higher lactation protein level. The 
levels that Mahan suggested 12/16% or 14/14%, respectively for pregnancy 
and lactation these percentages are slightly higher than the 12/13% 
sequence for pregnancy and lactation recommended by the NRC (1979). 
Amino Acid Studies 
Although the dietary significance of the amino acids for swine has 
been recognized for a long time, it was not until the late 1940s and the 
1950s that the first studies on the amino acid requirements for swine 
were reported (Brinegar et , 1949; Mertz et , 1949; Bell et a1_., 1950; 
Brinegar et al., 1950). In the case of the breeding herd, reports began to 
appear in the 1960s (Rippel et a]^., 1965). Previous to this, pregnancy 
requirement estimates were based upon research on growing pigs. 
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Rippel (1967) summarized a series of experiments conducted at the 
University of Illinois in which amino acid requirements were presented. 
These experiments (Rippel, 1967) were conducted during the last period of 
pregnancy (90-110 days postcoitum) and were based upon nitrogen retention 
as the sole measurement of amino acid adequacy. Based upon Rippel's (1967) 
report, it was suggested by Pond and Walker (1968) that when litter weight 
and number of pigs at farrowing are considered, the amino acid needs of 
the sow may actually be less than previously established. 
The limitations of Rippel's (1967) report, relate to the fact that the 
trials were conducted only during the last 20 days of pregnancy and that 
only one measurement, retained nitrogen, was evaluated to estimate the 
requirement. 
The need to reevaluate Rippel's (1967) recommendations was 
stimulated by the findings that reduced levels of a high quality protein 
(well-balanced) diet supported normal reproductive performance (Hoiden 
et al., 1968). Thus, the possibility of feeding lower protein levels 
during pregnancy, if the amino acid requirements are met, prompted 
researchers to estimate the amino acid requirement more precisely. Also, 
the inherent variability of nitrogen balance trials'(?'unro, 1964a), as well 
as. the differences in the amount of retained nitrogen that are associated 
with the different stages of pregnancy (Elsley et aj., 1966; Elsley and 
MacPherson, 1972) suggested the use of several criteria to estimate the 
amino acid requirements for sows (Woerman and Speer, 1976). 
In one of the first trials to determine the amino acid requirement 
for pregnancy in which the experimental diets were fed throughout one 
reproductive cycle, Holden et a^l. (1971) reported that the requirement 
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for sulfur amino acids was .18% of the diet. This value was 64.3% of the 
value reported by Rippel (1967). This finding supported the statement 
made earlier by Speer (1971) "... as is true for most reproductive 
criteria, the coefficient of variation for nitrogen retention by pregnant 
gilts is quite high. For these reasons5 it is of interest to examine 
several reproductive studies in which diets low in protein have been fed 
throughout one or several reproductive cycles, and also to examine 
nitrogen balance studies that evaluate amino acid adequacy of a low 
protein diet." 
In England a clear definition of three methods, their advantages and 
disadvantages, to determine the protein and amino acid needs of sows was 
published (Elsley and MacPherson, 1972). One of the conclusions was that 
the estimates of protein requirements based upon field trials, which in­
volve direct measurement of reproductive performance, are lower than 
those based on either the factorial (as described by Blaxter and Mitchell, 
1948) or nitrogen retention approaches. Later, (Lewis and Speer, 1975a) 
suggested an approach that evaluates both; performance and metabolic re­
sponses. A series of reports was then published on the requirements of 
different amino acids for pregnancy and lactation in sows. The lysine 
requirement for reproduction in sows was established at .41% of the diet 
(Woerman and Speer, 1976). This study was conducted through two repro­
ductive cycles. This value (.41%) agrees with the requirement for lysine 
reported by Rippel (1967), but it is slightly lower than the value 
reported by Du^e and Rerat (1975), who stated that the lysine requirement 
for the pregnant gilt exceeds .42% of the diet. A later report (Sohail et 
al., 1978) established the lysine requirement for pregnancy at 10 g per 
9 
day, which is higher than the value reported by Woerman and Speer (1976) 
of 7.46 g per day. With the exception of the study of Woerman and Speer 
(1976), all the other studies to determine the requirement for lysine 
were conducted during the last third of pregnancy. A greater demand for 
lysine during the last third of gestation may be required by sows fed low 
levels of lysine during the earlier stages of pregnancy. But, according 
to the report of the Iowa researchers (Woerman and Speer, 1976) .41% 
dietary lysine throughout pregnancy will meet the requirement. 
The same group (Meisinger and Speer, 1979) established the 
tryptophan requirement for reproduction in swine at 1.44 to 1.52 g per 
day, which is higher than the value reported by Rippel (1967). More re­
cently, Leonard (1982) established the threonine requirement for the 
pregnant sow at 5.4g per day. This value is lower than the 6.2q per day of 
threonine reported earlier (Rippel, 1967). 
The lactation requirement for some amino acids determined by the 
Iowa group were: 30 g per day for lysine (Lewis and Speer, 1973); 3.9 g 
per day for tryptophan (Lewis and Speer, 1974a); 23 g per day for 
threonine (Lewis and Speer, 1975b); 21 g per day for isoleucine (Naught 
and Speer, 1977); 25 g per day of leucine (Rousselow et £[., 1979) and 
29 to 39 g per day for valine (Rousselow and Speer, 1980). In general 
these lactations studies were conducted during a 21 day lactation period. 
The measurements evaluated included the following: milk yield, baby pig 
gains, sow weight change, nitrogen balance, plasma amino acids and plasma 
urea. Thus, metabolic, as well as productive measurements were evaluated 
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Valine 
The amino acid valine in biological materials was discovered in the 
mid 1800s and its indispensability for mammals was reported in 1939 
(Rose and Eppstein, 1939), who reported that rats fed a valine-free diet 
for a period of 28 days showed decreased weight and marked loss of 
appetite. When the rats were transferred to a diet containing valine, the 
detrimental effects were corrected. The addition of valine also corrected 
some nervous disorders present in the valine deprived rats. Based upon 
these findings (Rose and Eppstein, 1939), the authors classified valine 
as an indispensable dietary component. The neurotoxicity of valine 
deficiency also was demonstrated in a recent study (Cusick et al_., 1978). 
In humans, negative nitrogen balance was induced when valine was 
removed from a diet (Gallina et al_., 1971). In another study (Young et_ 
al., 1972), valine plasma levels were measured to assess the requirement 
of valine for humans. Studies of valine metabolism and its interaction 
with the other branched chain amino acids have been conducted with rats 
(Reeds, 1974; Oldendorf and Szabo, 1976; Shinnick and Harper, 1977); with 
poultry (Boldizsar, et al.., 1973); and with humans (Nakagawa et ^., 1975) 
Requirement recommendations for valine have been reported for 
different animal species: poultry (Zimmerman and Scott, 1965), rats 
(McLaughlan and Illman, 1967; Stockland et aj_., 1970), growing pigs 
(Mitchell et 3%., 1968), pregnant swine (Rippel, 1967), lactating sows 
(Rousselow and Speer, 1980), growing kitten (Hardy et , 1977), green 
sea turtle (Wood and Wood, 1977), and also for man (Rose et a]^. » 1965). 
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Determination of Amino Acid Requirements 
for Reproduction in Swine 
The amino acid requirement of the pig is represented by the minimal 
amounts of essential amino acids and the sum of nonessential amino acids 
which are necessary for a given level of protein formation (Henry et al., 
1979). This may be easily measured in the growing pig, i.e. growth rate, 
feed utilization and carcass quality. But in the breeding sow the end 
products of protein nutrition are less clearly defined and less easily 
measured (Sohail et , 1978). Sow productivity, in terms of number or 
weight of pigs produced per unit of time, is the end result of several 
individual processes, and there is no single, generally accepted 
measurement which expresses adequately the relative importance of this 
process (Lodge, 1969). Although far from complete, some information on 
the amino acid requirements for reproduction in swine has now been 
published. Most of the results obtained have been drawn from experiments 
in which metabolic data, productive data, reproductive data, or a com­
bination of two or all three types of measurements had been blended to 
establish the requirement for a given amino acid. In the following 
review, some of the parameters used to determine amino acid requirements 
for reproduction in swine are discussed. 
Nitrogen balance 
The idea of balance studies equating income with outgo seems to have 
been first conceived by Boussingault (Munro, 1964b). Nitrogen balance is 
the difference between nitrogen intake and nitrogen excreted in the feces 
and urine. With the animal gaining nitrogen when the balance is positive 
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and losing nitrogen when the balance is negative (Allison, 1951). So, 
the rationale behind nitrogen balance studies is that the nitrogen 
recovered from urine, and feces, and hair, is substracted from intake 
(Costa, 1960). Nitrogen balance is a useful technique in amino acid or 
protein requirements studies, and for the evaluation of protein of a . 
given feedstuff. It is, however, difficult to determine accurately 
(Munro, 1964a). 
Nitrogen balance studies with pregnant swine have been conducted for 
some years (Rippel, 1967). Studies with pregnant sows have shown (Elsley 
et , 1966) that nitrogen retention is not constant throughout pregnancy 
with the amount of nitrogen retained being greater at 105 days than at 85 
days of pregnancy (Rippel, 1967). Thus, there is a need for balance 
studies with pregnant sows at different stages of pregnancy. In a study 
by Hoi den et (1971), balance trials were conducted at day 30, 60 or 
106 postcoitum, however, no difference was observed in nitrogen retention. 
In another study to determine the lysine requirement for reproduction in 
swine (Woerman and Speer, 1976), nitrogen balance trials were conducted 
12 days before mating and at day 30, day 60 and day 95 of pregnancy 
during each of two reproductive cycles. Nitrogen retention was greater in 
the pregnant animals versus the nonpregnant and in the second pregnancy 
as compared with the first pregnancy. Although small differences were 
found in the nitrogen retention by period within a pregnancy, there was no 
evidence of an increase in nitrogen retention as pregnancy progressed as 
had been suggested earlier (Rippel, 1967). In a later report (Leonard, 
1982), it was found that nitrogen retention was greater late in pregnancy 
(day 90) than early in pregnancy (day 45). More conflicting results on 
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nitrogen retention studies were added by Meisinger (1978) who found 
sows retained more nitrogen during their first parity than in the second 
parity as opposed to the findings of Woerman and Speer (1976). 
Since the results among reports have yielded conflicting information, 
any estimate of dietary requirements should be based not only on nitrogen 
balance, but should be carefully assessed with other measurements (Elsley, 
1976). 
Plasma free ami no acids 
Attempts to establish a direct interrelationship between plasma 
amino acid changes and the amino acid content of the protein ingested 
have been made for over 20 years (Longenecker and Hause, 1959). In a 
study (Morrison ejt , 1961a) with different concentrations of lysine 
added to the diet, small increases in plasma free lysine concentration 
were found as dietary lysine was added to the diet. In a later study by 
the same group (Morrison et 3%., 1961b), it was found that fasting seemed 
to increase plasma free lysine levels. This is in agreement with the 
report of Sonahuja and Harper (1963) who showed that the plasma concen­
trations of the limiting amino acid fell after feeding. In their study of 
plasma amino acid ratio (Longenecker and Hause, 1961), it was recognized 
that preliminary tests on individual animals or groups of animals would -
be necessary to establish the proper timing for taking the blood samples 
after a meal. In the young pig, it was also found (Puchal et aj_., 1962) 
that the plasma amino acid levels related to the amino acid composition 
of the dietary protein. But, it was with poultry (Zimmerman and Scott, 
1965) and with rats (McLaughlan and Illman, 1967), that the plasma 
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amino acid concentration was first used in estiratinq amino acid 
requirement. These studies, as well as the report with young pigs 
(Mitchell et ^1., 1968) are based upon the assumption that when an amino 
acid is added in graded levels to a diet deficient in this amino acid, 
the plasma concentration of the amino acid remains rather low and con­
stant until the dietary requirement is reached. Then there is a rapid and 
approximately linear increase in the concentration of the amino acid in 
the plasma when higher levels are fed. 
Plasma free amino acid concentration has been used recently along 
with other criteria, to estimate the requirement for the pregnant sow for 
the sulfur amino acids (Holden et al_., 1971), for lysine (Woerman and 
Speer, 1976), for tryptophan (Meisinger and Speer, 1979), and for 
threonine (Leonard, 1982). Although the plasma amino acid response curves 
provided estimates of amino acid requirements in agreement with published 
values (NRC, 1979), the presence of large coefficients of variation in 
these studies suggests that the use of plasma free amino acids, as in the 
case of nitrogen balance, should be used along with other metabolic and 
productive measurements. 
Plasma urea nitrogen 
In experiments with rats and pigs, a high negative correlation 
between the biological value of the feed and the plasma urea content has 
been found (Munchow and Bergner, 1968). Blood urea concentration 
increases with the protein content in the diet. Thus, the determination of 
the blood urea concentration could be a rapid and efficient method for 
evaluating protein quality (Eggum, 1970). This finding was later proven 
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with growing pigs (Bergner et , 1971; Brown and Cline, 1974). With 
pregnant gilts it was found (Easter and Baker, 1977) that plasma urea 
nitrogen concentration increases when deficient levels of tryptophan are 
fed. Similar findings were reported earlier by Lewis and Speer (1974b), 
who found that lactating sows fed a diet deficient in either lysine or 
tryptophan had higher plasma urea values as compared with the values when 
lysine or tryptophan were supplemented. The same trend was found in later 
reports of studies with pregnant sows with other essential amino acids 
(Woerman and Soeer. 1976; Meisinqer and Speer, 1979; Leonard, 1982). 
From the reports in the literature, plasma urea concentrations may 
be used to estimate the quality of proteins and to establish amino acid 
requirements. Because the number of sows that can be used in a study of 
amino acid requirement is often limited and considering that the 
variability present when measuring plasma urea concentration is large, 
this measurement should not be used by itself when estimating the amino 
acid requirement for reproduction in swine. 
Reproductive performance 
In the existing reports of amino acid requirements for pregnant 
swine, some authors have completely ignored productive performance or 
have conducted only short term experiments (Rippel, 1967), while others 
(Woerman and Speer, 1976; Meisinger and Speer, 1979; Leonard, 1982) have 
made attempts to blend different metabolic measurements with some produc­
tion and reproduction criteria. There are reports (Duee and Rerat, 1975) 
that enhanced the importance of considering reproductive performance in 
amino acid requirement studies for reproduction in swine. Finally, it is 
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the reproductive performance of sows which will ultimately determine the 
optimum balance of the essential amino acids that should be included in 
the diet. 
In recent amino acid requirement studies (Woerman and Speer, 1976; 
Meisinger and Speer, 1979; Leonard, 1982) for reproduction in swine, 
several responses to evaluate sow productivity have been considered. Such 
responses include the following: number of pigs born, total and alive: 
litter birth weights, total and alive: weekly baby pig gains for 3 weeks; 
milk yield; sow weight changes; number of corpora lutea; number of 
embryos, total and alive; and carcass measurements (Meisinger, 1978). 
Overall, the consideration of production and reproduction criteria, along 
with the metabolic parameters, are of importance when evaluating sow per­
formance. 
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EXPERIMENTAL PROCEDURE 
The data reported herein are on file in the Swine Nutrition Section 
of the Animal Science Department, Iowa State University of Science and 
Technology, Ames, Iowa, and identified as Swine Experiment 7909. This 
experiment was started in September, 1979 and finished in November, 1981. 
Objective 
The objective of this experiment was to determine the valine 
requirement for pregnancy in swine. The criteria used involved metabolic 
and productivity responses as influenced by different levels of dietary 
valine (Table 1). 
Experimental Diets 
The basal gestation diet (Table Al), consisted of dextrose, ground 
yellow corn and gelatin fortified with vitamins, minerals, and the 
essential amino acids less valine. Nutrient levels were established 
according to the requirement guidelines for pregnant swine as reported 
by the NRC (1979). The essential amino acid composition of the basal 
gestation diet is shown in table A2 and the composition of the vitamin 
and trace mineral premixes used for pregnancy are shown in table A3 and 
A4, respectively. The basal diet had .18% valine and was supplemented 
with increasing levels of L-valine in equal increments of .125% valine. 
The diets were made isonitrogenous by substituting glutamic acid and 
dextrose for L-valine. Each sow was fed 1.82 kg per day except during 
lactation. The five experimental diets provided 3.60g, 5.85g, 8.10g, 
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Table 1. Criteria used in the evaluation of valine level responses 
Nitrogen balance 
gestation, day 45 and day 90 
lactation, day 15 
Plasma valine, pre and post-feeding 
gestation, day 50 and day 95 
Plasma urea nitrogen, pre and post-feeding 
gestation, day 50 and day 95 
Productivity 
pigs born 
birth weight 
weekly baby pig gains 
milk yield 
sow weight changes 
Reproductive performance 
gestation length 
days to estrus 
number of services 
number of corpora lutea 
number of embryos 
Carcass measurements 
carcass weight 
carcass length 
loin eye area 
back fat depth 
ham and loin weight 
liver weight 
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10.35g, and 12.60 g of valine per sow per day. 
During lactation, all sows were fed a common diet formulated to be 
marginal in valine (Rousselow and Speer, 1980). The diet was offered in 
equal portions twice a day at the rate of 4.0 kg per day during the 
first lactation and 4.75 kg per day during the second. This lactation 
diet was composed of corn, dextrose, soybean meal, and gelatin fortified 
with vitamins and minerals according to the NRC (1979) recommendations 
for lactating sows. The lactation diet is shown in table A5 and its 
amino acid composition is shown in table A6. The vitamin and trace 
mineral premixes used for lactation were the same that were used for the 
gestation diets (Table A3 and A4). 
Gestation 
Twenty-five sexually mature 4-way crossbred gilts (Hampshire x Spot x 
Yorkshire x Landrace) from the Iowa State University Swine Nutrition 
Research Farm, were allotted to the five treatments from five outcome 
groups (five littermates of similar weights per outcome group). The ex­
perimental design was a randomized block arrangement. The gilts were 
allotted to their treatments at an observed estrus and were mated at their 
next estrus. The animals remained on their treatments for two consecutive 
pregnancies and approximately 30 days into the third pregnancy. The data 
obtained were statistically analyzed by the method of least squares of 
unequal subclass numbers as described by Harvey (1960) with the five 
levels of valine being the main plots and the subplots being the four 
periods of reproduction (45 and 90 days of pregnancy for two gestations). 
Treatment effects were tested by error A (trt x rep); parity effects 
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were tested by error B (parity x rep); period effects were tested by 
error C (period x rep). 
The experimental gilts were initially housed in open-front pens 
with concrete floors. A continuous supply of water was made available, 
except during the winter months in which the sows were hand watered 
twice daily. On extremely cold days, wood shavings bedding was provided. 
All gilts were fed in the morning and remained in individual feeding 
stalls until all feed was consumed. After consuming their feed, the gilts 
were checked daily for estrus. Each animal was started on her assigned 
valine level the day after standing estrus was observed. When the 
following estrus was detected, each gilt was handmated twice daily to 
Hampshire x Duroc boars until they would no longer accept the boar. 
After breeding, all gilts v/ere penned in the open front pens where they 
were checked for return to estrus. At about 25 days after mating, the 
animals were moved to an enviromentally-controlled confinement 
building. In that building, gilts were housed individually, in raised 
crates with horizontal metal slats at each end and sloped concrete floor 
in the center. Water was available at all times supplied by gravity-fed 
nipple waterers. Each sow was returned to her originally assigned valine 
level immediately after her preceding litter was weaned at 21 days of 
age. Starting on the day after weaning, all sows were checked for estrus 
and mated on the first postweaning estrus and moved to the confinement 
building at about 25 days after mating. Body weights were recorded at 
mating and before farrowing (112 days after mating). 
The gestation nitrogen balance trials were conducted on days 45 
through 50 and on days 90 through 95 of pregnancy. For fecal collections. 
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a wooden box was placed under the rear end of the crate and feces were 
allowed to fall onto and through the slats into the wooden box. The 
feces were collected daily, weighed, stored in plastic bags, and frozen 
at -20°C until the 5-day collection was completed. At the end of each 
collection period, the five daily samples were mixed and dried in an 
oven at 55°C, allowed to air equilibrate, and weighed. The samples were 
then ground in a Wiley mill and a lOOg subsample was stored in sealed 
glass containers for later analysis. Urine was collected by placing a 
Foley catheter in the bladder via the urethral opening. The catheter 
gauge sizes were 18 or 20 for the gilts and 20 or 22 for the sows. The 
catheter was attached to tygon tubing and allowed to drain into a six 
gallon jar containing 40 ml of 1.16N HCl. The urine was measured each 
day and a .5% subsample taken and frozen. At the end of the 5-day 
collection period, the subsanples were mixed and stored at "20°C for 
later nitrogen analysis. On days 50 and 95 of pregnancy, the sows were 
bled twice from the anterior vena cava; the first blood sample was 
taken after a 24 hour fast and the second 2 hours after feeding. An 
11.4 cm, 16 gauge needle attached to a plastic disposable 50 cc syringe 
was used to withdraw the samples. The blood samples were heparinized 
with approximately 2 cc of a heparin solution (6.5mg/ml). The blood 
samples were centrifuged immediately after bleeding and the plasma was 
separated and frozen at -20°C for later analysis. 
Lactation 
At 112 days after the first mating the sows were placed in raised 
farrowing crates with slats. They were fed their respective gestation 
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diets until farrowing and then all sows were fed the common lactation 
diet. The sows and their litters were kept in the farrowing crates 
throughout the 21 day lactation period and were allowed free acccss to 
water. No creep feed was supplied to the litter. Sow body weights were 
recorded after parturition, at weaning and the day following mating. 
After farrowing, the total number of pigs born, number of pigs born 
alive, total litter weight, and weight of live pigs born were recorded. 
By day 3 post-farrowing, litter size was adjusted to seven pigs for 
parity I and eight pigs for parity II. The adjusted litter size was 
maintained by replacing any pig that died with a pig of similar age and 
weight. The litter was weighed at 7, 14, and 21 days of age. 
The milk production of the sow was measured on day 14 after 
farrowing. Piglets were removed from the sow and placed in a wooden 
heated box for an hour, then placed on cold damp floor for 3 to 5 
minutes to induce micturition and defecation, weighed, placed with the 
sow, allowed to nurse then weighed again. This procedure to obtain milk 
yield estimates was repeated hourly for 9 consecutive hours. Considering 
the first 3 hours as adjustment, only the final 6 hours were used to 
calculate the 24 hour milk yield (Lewis and Speer, 1975a). 
After the milk yield procedure was completed, sows were provided 
their second feeding of the day and a 22 or 24 gauge Foley catheter was 
placed in the bladder. The following morning (day 15 of lactation), a 
milk sample was obtained by injecting 10 lU of oxytocin intravenously in 
an ear vein. The milk sample was taken by manually milking the sow. 
About 200 cc of milk were withdrawn, making certain that the udder sec­
tions sampled were drained as thoroughly as possible to avoid differences 
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that may be present due to fractionization of the milk. The milk sample 
was filtered, bottled and stored at -20°C for later analysis. 
On day 15 of lactation a five day nitrogen balance trial was commenced. 
The feces and urine collection procedure was as it has already been de­
scribed for the pregnancy nitrogen balance trials, except that a sheet of 
expanded metal was placed under the rear of the crate instead of the 
wooden box. Also, attempts were made to separate and remove most of the 
baby pig feces that had mixed with the sows feces. 
The statistical analysis v/as similar to the gestation analysis, 
except that subplots were parity I and parity II. 
Death Loss 
One sow died at farrowing at the College of Veterinary Medicine at 
Iowa State University after a Cesarean operation. Three sows were 
eliminated at the beginning of the experiment because of reproductive 
failure. Two sows were eliminated because of locomotor problems. Six 
sows aborted at different stages of pregnancy. All the sows that were 
eliminated from the experiment plus the one that died at parturition 
were replaced if possible by littermates or with gilts of same age and 
weight that were grown similarly to the initial experimental group. All 
the sows that aborted remained on their experimental treatments and were 
remated. The five treatment groups finished tlie experiment as planned, 
i.e., five replications per treatment. There was no relationship between 
death losses, abortions or leg problems with level of valine in the diet. 
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Slaughter 
At 24.8 ± 2.9 days postmating for the third pregnancy, all bred sows 
were slaughtered at the Iowa State University Meats Laboratory. 
Following scalding, hair and skin were removed from the carcass and the 
reproductive tract was removed. Corpora lutea were counted on both 
ovaries. The uterus was opened and embryos were counted. Differentiation 
was made between live and dead embryos. The liver was removed and its 
weight recorded. Hot and chilled carcass weights were taken. On the 
chilled carcass, the following measurements were taken: carcass length 
measured from the first rib to the aitch bone; loin eye area was 
measured at the 10th rib by means of a grid; carcass backfat, as the mean 
of three measurements; ham and loin weights were recorded after trimming. 
Analytical 
The nitrogen content of feed, feces, urine and milk was determined 
by kjeldahl as described by the A.O.A.C. (1975). Plasma was analyzed for 
urea nitrogen as described by Marsh et aj^. (1965). Plasma amino acids 
were analyzed by gas liquid chromatography as their M-trifluoroacetyl-n 
butyl esters following a two stage derivatization (Adams, 1973). The 
method has been described by Frank et al. (1980). Feed and corn samples 
were hydrolyzed by the procedure of Kaiser j^t aj.. (1974). 
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RESULTS AND DISCUSSION 
Gestation 
Metabolism 
Nitrogen retention The summary of gestation nitrogen retention 
studies as affected by valine intake is presented in figure 1 and tables 
A7-A8. No significant differences were found for fecal nitrogen, urine 
nitrogen or retained nitrogen, attributable to level of valine intake. 
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Figure 1. Effect of valine intake on nitrogen metabolism during 
gestation 
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The sows fed 5.54g of valine per day retained more nitrogen than the 
sows fed any of the other four levels. The lowest nitrogen retention 
value was observed in sows fed the lowest level of valine. 
Nitrogen retained reached its peak when 5.54g of valine per day was 
fed, and further increases of valine intake did not alter the amount of 
nitrogen retained by the sows. Rippel (1967), using nitrogen retention 
as the criterion to estimate valine requirement, reported a value 
approximately 34% higher than the value reported herein for maximum 
nitrogen retention. The four levels of valine intake used on Rippel's 
report gave nitrogen retention values that ranged from 15.62 to 17.32g 
per day, which are three times the values for retained nitrogen obtained 
in this study. But, when 3.5g of nitrogen retention is estimated for the 
products of conception and uterine and mammary growth (Elsley,.1967; 
Elsley et , 1966) and l.Og of daily nitrogen retention is estimated 
for keratin and cutaneous losses (Baker et al^., 1966), then 2.8g of 
nitrogen retention per day remains for the growth of the sows fed 5.54g 
of valine per day. Thus, it seems that excess nitrogen is not necessary 
for normal reproduction. The retained nitrogen value, 6.8g per day, 
considered as satisfactory in this study, is between the values of 5.0 
and 8.1g per day of retained nitrogen selected as optimum in studies to 
determine the requirement of pregnant swine for tryptophan (Meisinger 
and Speer, 1979) and for threonine (Leonard, 1982) with sows managed and 
and housed under similar conditions. 
in figures 2 and 3 and tables A9-A13, the effect of parity and of 
pregnancy stage upon retained nitrogen independent of level of valine 
intake are presented. 
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In this study, there was no significant parity effect on nitrogen 
retained. Meisinger (1978), reported a decrease in retained nitrogen for 
sows in their second pregnancy as compared with sows in their first 
pregnancy. The opposite was reported by Woerman (1975). Leonard (1982) 
did not find any effect of parity upon nitrogen retention. 
Sows in both parities retained more nitrogen at 90 than at 45 days of 
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Figure 3. Effect of stage of pregnancy upon nitrogen 
retention 
pregnancy (Figure 3). This increase in retained nitrogen as pregnancy 
progresses has been found in other studies (Elsley ejt al^., 1966; Leonard, 
1982). Meisinger (1978) reported, however, either no change or a decrease 
in retained nitrogen as pregnancy progressed. 
Plasma urea nitrogen The plasma urea nitrogen values are 
presented in figure 4 and table A14-A15. Brown and Cline (1974) 
suggested that urea concentration in plasma is minimized when the 
dietary requirement level of the first limiting amino acid is met. 
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gestation 
Considering the linear (P<.01) decrease in plasma urea concentration 
with increasing levels of valine intake, it seems that the requirement 
for valine is not met even at the highest level of valine intake. If one 
considers the ratio (postfed/fasted) values, however, an inflection in 
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the curve is observed (P<.05) when 5.54g of valine per day are fed. The 
linear reduction in plasma urea nitrogen concentration without reaching 
a breaking point, has been observed in similar studies (Woerman, 1975; 
Meisinger, 1978). 
Plasma valine The plasma valine concentration values are shown 
in figure 5 and tables A16-A17. Valine plasma concentrations after a 24 
hour fast and postfeeding increased linearly (P<.01) with increasing 
levels of valine intake. A quadratic effect (P<.01) was also observed. 
According to Mitchell et aj[. (1968), addition of an amino acid to a diet 
deficient in that amino acid does not cause a significant increase in 
its concentration in the plasma at dietary levels less than the dietary 
need. When excess levels of an amino acid are present in the diet, 
however, plasma levels of this amino acid increase. The lowest level of 
valine intake at which the plasma valine concentration increased sharply 
was 5.54g per day. The comparison of postfeeding/fasting levels of 
plasma valine suggests that the lowest level of valine intake that will 
increase postfeeding concentration of plasma valine to fasting concen­
tration is close to 5.54g per day. This is further supported by 
Rousselow (1979) who stated that "... plasma amino acid concentration 
remains low until the requirement for that amino acid is met, after 
which, there is a sharp increase in its concentration "» thus again 
suggesting that a level of valine intake of 5.54g per day was required 
to reach the point of sharp increase for plasma valine concentration. 
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Lactation 
Metabolism 
Nitrogen retention The summary of nitrogen metabolism during 
lactation is presented in figures 6-7 and tables A18-A22. The amount of 
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nitrogen metabolism 
nitrogen retained by the sows during lactation was unaffected by the 
level of valine intake during pregnancy. The highest retention of 
nitrogen (Figure 6 and table A18) was obtained when 5.54 g per day of 
valine were consumed during pregnancy. Although nonsignificant, the 
highest amount of milk nitrogen (Figure 7 and table A20), both 
qualitative and quantitative, occurred when 7.81g of valine were fed. The 
lack of response of nitrogen metabolism during lactation to different 
levels of amino acid intake during pregnancy, has been observed for 
threonine (Leonard, 1982). A definitive response in milk yield and milk 
nitrogen, however, was obtained to different pregnancy levels of lysine 
(Woerman, 1975) and of tryptophan (Meisinger, 1978). Nitrogen retention 
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was greater (P<.01) for parity II compared to parity I, but there was a 
higher level of nitrogen intake during parity II. When the retained 
nitrogen was expressed as percent of nitrogen intake, no difference was 
observed in nitrogen retention between parity I and II (Table A21). 
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Performance 
The summary of litter performance at birth and at weaning is 
presented in figure 8 and tables A23-A26. 
Litter size No significant differences were found in litter 
size at birth attributable to level of valine intake during pregnancy. 
It has been reported (ARC, 1981) that the number of pigs born, either 
alive or stillborn, seems to be unaffected by daily protein intakes 
above 136g of crude protein. No effect on litter size has been observed 
among varying levels of lysine (Woerman, 1975), tryptophan (Meisinger, 
1978), or threonine (Leonard, 1982) fed during pregnancy. 
Birth weight No significant differences attributable to level of 
valine intake during pregnancy were found for birth weight. Meisinger 
(1978) reported a linear increase in litter weight with increasing 
levels of tryptophan intake during pregnancy. No effect on birth weight 
was found among varying levels of lysine (Woerman, 1975) or threonine 
(Leonard, 1982) intake during pregnancy. 
Weight gains No significant differences were found for average 
pig gains (Figure 8). The sows fed 7.81g of valine per day had the 
highest total average pig weight gain. 
Differences in lactation performance as affected by dietary levels 
of amino acids fed during pregnancy have been demonstrated for lysine 
(Woerman, 1975) and for threonine (Leonard, 1982) but not for tryptophan 
(Meisinger, 1978). 
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Reproductive Performance 
The summary of reproductive performance for the third parity is 
presented in tables A27-A30. No significant differences among dietary 
valine levels were observed in days to estrus, total embryosi live 
embryos or in the number of corpora lutea. The number of services 
(quadratic response, P<.05) was highest for the sows fed 7.81 g of 
valine per day. 
Meisinger (1978) reported that with increasing levels of 
tryptophan intake there was a reduction in the number of days to estrus. 
Woerman (1975) reported some difficulty in mating sows that had been 
fed low levels of lysine during pregnancy. No effect upon reproductive 
performance attributable to levels of threonine intake during pregnancy 
was found by Leonard (1982). . 
Productive Performance 
The summary of productive performance is shown in tables A31-A34. 
Sow weight change 
There was a linear increase (P<.01) for sow gestation weight gain 
with increasing levels of valine intake. Effects of different levels of 
amino acid intake during pregnancy upon sow weight changes have been 
reported for tryptophan (Meisinger, 1978) and for threonine (Leonard, 
1982), but not for lysine (Woerman, 1975). 
Carcass measurements 
No significant differences in any of the carcass criteria were 
observed. Sows fed 7.81g of valine per day had the highest percentage of 
ham and loin and the least back fat. The sows fed 10.08g of valine per 
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day had the largest loin eye area measurements. Some nonsignificant im­
provements in carcass characteristics have been reported among sows fed 
varying levels of lysine (Woerman, 1975) and some significant im­
provements for sows fed increasing levels of tryptophan intake. 
Valine Requirement for Reproduction 
A summary of the optimum valine dietary level for nitrogen meta­
bolism for reproduction in swine is shown in table 2. When all the 
Table 2. Estimate of the valine requirement for reproduction 
determined from optimum metabolic criteria 
Optimum valine 
Item level, g/day 
Retained nitrogen 
Pregnancy 5.5 
Lactation 5.5 
Plasma valine 5.5 
Plasma urea 5.5 
Milk nitrogen 7.8 
metabolic criteria in this study are considered, it seems that 5.5g of 
valine per day satisfies most of the metabolic needs of pregnant swine. 
Selection of the optimum level of dietary valine for reproduction (Table 
3) is more difficult, since there was more variation among the different 
reproductive criteria. When the different criteria are weighted, however, 
it seems that 5.5 to 7.8g of valine per day will meet the requirement 
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for pregnancy. 
Table 3. Estimate of the valine requirement for reproduction 
determined from optimum reproductive criteria 
Optimum valine 
Item level, g/day 
Litter 
Pigs born alive 5.5 
Weight, live pigs 5.5 
Lactation 
Milk yield 5 . 5  
Baby pig performance 7.8 
Days to estrus 3.3 
Number of services 3.3 
Live embryos 12.3 
Table 4. Estimate of the valine requirement for reproduction 
determined from optimum carcass measurements 
Optimum valine 
Item level, g/day 
Net gestation gain 7.8 
Loin eye area 10.1 
Back fat 7.8 
Length 7.8 
Ham and loin 7.8 
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With the exception of loin eye area, optimum carcass characteristics 
were found when 7.8g of valine per day were fed (Table 4). 
Some discrepancy exists among the different criteria for estimation of 
the valine requirement for pregnant swine, but it seems that a level of 
intake of 5.5g of valine per day will satisfy the requirement for pregnant 
swine. This recommendation is 34% lower than the requirement established 
by the NRC (1979). 
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SUMMARY 
Twenty-five crossbred gilts were used in an experiment to determine 
the valine requirement for reproduction. L-valine was added to a 
fortified corn-gelatin diet to attain valine levels of intake of 3.27, 
5.54, 7.81, 10.08, and 12.35g per day. All diets were fed at the rate of 
1.82 kg daily before mating, during three pregnancies and during the 
weaning-conception intervals. During each three week lactation, all sows 
were fed the same 12.5% crude protein corn-soybean meal-gelatin diet. 
Litter size and feed intake were standardized during both lactations. 
Five day nitrogen balance trials were initiated on day 45 and 90 of 
both pregnancies and on day 15 of both lactations. There were no 
differences among treatments for retained nitrogen. A linear (P <.01) 
and quadratic (P<.05) effect was observed for plasma urea nitrogen and 
for plasma valine concentration. The retained nitrogen reached a maximum 
at 5.5g of valine intake per day. No effect of valine level was observed 
for retained nitrogen during lactation, but the sows fed 5.5g of valine 
per day had the maximum retention. 
No significant differences among treatments were observed for litter 
size, average pig weight at birth or average pig weight gain. A quadratic 
(P <.05) was observed for the number of services but there were no 
differences among treatments for days to estrus, total embryos, live 
embryos or in the number of corpora lutea. 
Sow gestation weight gain increased linearly (P <.01) with 
increasing levels of valine intake. All sows were slaughtered at 
24.8 ± 2.9 days. No significant differences were observed for any of the 
41 
carcass measurements attributable to 
Considering all the parameters, 
(.32% at 1.82 kg per day), will meet 
level of valine intake. 
a level of 5.5g of valine per day 
the requirement for pregnant swine. 
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Table Al. Composition of gestation basal diet^ 
Ingredient Amount, t 
Corn sugar 50.753 
Ground yellow corn 28.700 
L-glutamic acid 6.750 
Gelatin 4.500 
Dicalcium phosphate (26% Ca, 18% P) 2.800 
Soybean oil 2.500 
Solka floe 1.500 
Iodized salt .400 
Calcium carbonate (38% Ca) .350 
Potassium chloride .220 
Choline chloride (50%) .200 
Vitamin premix^ .200 
Mineral premix .050 
Selenium premix (.02%) .050 
Magnesium oxide (60%) .010 
L-lysine, HCl (78% L-lysine) .284 
L-isoleucine .190 
L-threonine .169 
L-phenylalanine .166 
DL-methionine .077 
L-tryptophan .075 
L-histidlne .056 
L-valined — — — — 
Total 100.00 
®The basal diet was calculated to contain 2971 kcal ME/kg. Chemical 
analysis indicated the basal diet to contain 10.5% crude protein. 
'^Composition of the vitamin premix is shown in table A3. 
^Composition of the mineral premix is shown in table A4. 
^L-valine was added to provide 3.6g (basal diet), 5.85g, B.lOg, 
10.35g, and 12.60g L-valine per day. All diets were made isonitrogenous 
by manipulation of the added L-valine, L-glutamic acid, and corn sugar. 
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Table A2. Daily intake of essential amino acids provided by the 
gestation basal diet 
Amino acid Corn Gelatin Added 
Total 
g/day 
Arginine 2.65 4.42 - 7.06 
Histidine 1.05 .65 1.02 2.72 
IsoTeucine 2.13 1.15 3.46 6.74 
Leucine 5.84 1.80 - 7.64 
Lysine 1.33 2.45 5.17 8.95 
Methionine + Cystine 2.13 .65 1.40 4.18 
Phenylalanine + Tyrosine 5.29 1.15 3.02 9.45 
Threonine 2.13 .98 3.07 6.18 
Tryptophan .27 - 1.36 1.63 
Valine 2.13 1.15 - 3.28 
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Table A3. Composition of vitamin premix 
Quantity/kg of 
Ingredient vitamin pmemix 
Vitamin A, lU 2200000 
Vitamin Dg, ID 55000 
Riboflavin, mg 3300 
Pantothenic acid, mg 8800 
Niacin, mg 16500 
Vitamin mg 11 
Ethoxyquin, mg 220 
Table A4. Composition of mineral premix a 
Percent 
Ingredient in premix 
Zinc 20.00 
Iron 10.00 
Manganese 5.50 
Copper 1.10 
Iodine 0.15 
^Ingredients: Zinc sulfate, ferrous sulfate, manganese oxide, iron 
oxide, copper oxide, calcium iodate, and calcium carbonate. 
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Table A5. Composition of lactation diet fed to all sows^'^ 
Level, 
Ingredient % 
Ground yellow corn 80.000 
Corn sugar 7.879 
Soybean meal (48%) 5.000 
Gelatin - 2.000 
L-glutamic acid 1.280 
Calcium carbonate (38% Ca) .800 
Dicalcium phosphate (22% Ca, 18.5% P) 1.750 
Iodized salt .500 
Vitamin premix^ .500 
Mineral premix^ .050 
L-lysine, HCl (78% L-lysine) .186 
L-tryptophan .045 
L-histidine .010 
Total 100.000 
®The lactation diet was calculated to contain 3448 kcal ME/kg. The 
diet contained 12.6% crude protein by analysis. 
*^4.0 kg/day and 4.75 kg/day fed during first and second lactation, 
respectively. 
^Composition in vitamin premix in table A3. 
^^Composition of mineral premix in table A4. 
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Table A6. Essential amino acid composition of lactation diet 
Level 
Amino acid % 
Arginine .59 
Hi stidine .24 
Isoleucine .45 
Leucine 1.07 
Lysine .51 
Methionine + Cystine .37 
Phenylalanine + Tyrosine 1.01 
Threonine .42 
Tryptophan .12 
Valine .46 
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Table A7. Summary of gestation nitrogen metabolism as affected by 
valine intake g/day 
Valine intake, g/day 
Item 3.27 5.54 7.81 10.08 12.35 
Fecal nitrogen (FN) 3.2 3.1 3.0 3.1 3.1 
Urine nitrogen (UN) 27.5 24.9 26.5 25.4 25.5 
Retained nitrogen (RN)^ 4.1 6.8 5.2 6 . 3  6.3 
Nitrogen digestibility^ 90.8 91.0 91.4 91.0 91.2 
^Pooled data: two pregnancies and four periods combined. Refer 
to table A8 for statistical analysis. 
'^Nitrogen intake (NI), 34.8g/day/sow, for all treatments. 
^RN = NI - (FN + UN). 
"^Apparent nitrogen digestibility = (NI -  FN)/NI x 100. 
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Table A8. Analysis of variance of gestation nitrogen metabolism 
Mean squares 
Fecal Urine Retained Nitrogen 
Source df nitrogen nitrogen nitrogen digestibility 
Treatment 4 .110 23.6 24.3 .909 
Linear 1 .197 25.8 30.5 1.623 
Quadratic 1 .094 7.1 8.8 .773 
Residual 2 .150 61.5 57.9 1.240 
Replication 4 .379 12.3 10.0 3.126 
Period 1 .768 111.4 93.6 6.331 
Parity 1 5.292* 16.4 3.1 43.629* 
Trt X period 4 .089 19.8 20.5 .734 
Rep X trt 16 .441 24.7 26.9 3.634 
Rep X period 4 .270 31.5 37.1 2.227 
Rep X parity 4 .295 9.3 9.7 2.430 
Trt X parity 4 .048 9.4 9.3 .397 
Period x parity 1 .004 7.3 6.9 .036 
Remainder 55 .426 21.6 22.9 3.513 
*P <.05 
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Table A9. Summary of gestation nitrogen metabolism as affected by 
period and by parity, g/day^'^ 
Parity I Parity II 
45 day 90 day 45 day 90 day 
Item postmate postmate postmate postmate 
Fecal nitrogen (FN) 3.2 3.4 2.8 2.9 
Urine nitrogen (UN) 26.9 24.3 27,2 25.4 
Retained nitrogen (RN)^ 4.6 7.1 4.8 6.5 
Nitrogen digestibility^ 90.6 90.1 92.0 91.5 
^Pooled data: five levels of valine combined. Refer to table A8 
for the statistical analysis. 
'^Nitrogen intake (NI), 34.8g/day/s.ow, for both parities. 
^RN = NI - (FN + UN). 
^Apparent nitrogen digestibility = (NI - FN)/NI x 100. 
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Table AlO. Summary of first gestation nitrogen metabolism as affected 
by valine intake, g/day^'^ 
Valine intake, g/day 
Item 3.27 5.54 7.81 10.08 12.35 
Fecal nitrogen (FN) 3.4 3.4 3.3 3.3 3.3 
Urine nitrogen (UN) 27.4 25.5 25.5 24.7 24.9 
Retained nitrogen (RN)^ 4.0 6.0 6.0 6.8 6.6 
Nitrogen digestibility*^ 90.2 90.2 90.5 90.6 90.4 
^Pooled data: two periods combined. Refer to table All for the 
statistical analysis. 
"^Nitrogen intake (NI), 34.8g/day/sow, for all treatments. 
^RN = NI - (FN + UN). 
*^Apparent nitrogen digestibility = (NI -  FN)/NI x 100. 
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Table All. Analysis of variance of first gestation nitrogen metabolism 
Mean squares 
Fecal Urine Retained Nitrogen 
Source df nitrogen nitrogen nitrogen digestibility 
Treatment 4 .04 11.68 12.64 .30 
Linear 1 .08 33.14 36.42 .64 
Quadratic 1 .03 9.48 10.63 .27 
Residual 2 .03 4.08 3.48 .28 
Replicate 4 .59 9.24 6.70 3.73 
Period 1 .45 89.43* 77.16* 4.89 
Trt X period 4 .12 11.26 10.22 1.00 
Rep X trt 16 .33 35.76 38.26 2.69 
Remainder 20 .21 13.03 13.75 1.73 
Total 49 
*P <.05 
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Table A12. Summary of second gestation nitrogen metabolism as affected 
by valine intake, g/day^'^ 
Valine intake g/day 
Item 3.27 5.54 7.81 10.08 12.35 
Fecal nitrogen (FN) 3.0 2.9 2.7 3.0 2.8 
Urine nitrogen (UN) 27.6 24.4 27.6 26.0 26.0 
Retained nitrogen (RN)^ 4.2 7.6 4.5 5.8 6.0 
Nitrogen digestibility^ 91.3 91.7 92.2 91.5 91.9 
^Pooled data: two periods combined. Refer to table A13 for the 
statistical analysis. 
^Nitrogen intake (NI), 34.8g/day/sow, for all treatments. 
^RN = NI - (FN + UN). 
"^Apparent nitrogen digestibility = (NI -  FN)/NI x 100. 
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Table A13. Analysis of variance of second gestation nitrogen metabolism 
Mean squares 
Fecal Urine Retained Nitrogen 
Source df nitrogen nitrogen nitrogen digestibility 
Treatment 4 .14 16.91 16.92 1.12 
Linear 1 .12 2.05 3.17 1.01 
Quadratic 1 .07 3.50 4.61 .62 
Residual 2 .35 62.09 59.91 2.86 
Period 1 .27 39.02 32.78 2.24 
Replicate 4 .08 7.50 7.84 .63 
Trt X period 4 .35 33.02 38.71 2.90 
Rep X trt 16 .62 22.40 24.25 5.14 
Remainder 19 .56 23.27 24.80 4.63 
Total 48 
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Table A14. Summary of plasma urea nitrogen concentration as affected by 
valine intake, mg/100 ml^'^ 
Valine intake, g/day 
Item 3.27 5.54 7.81 10.08 12.35 
Urea nitrogen, after fast 8.79 9.43 8.46 7.98 6.70 
Urea nitrogen, postfed 10.30 9.08 10.17 8.85 8.08 
Urea nitrogen ratio^ 1.17 .96 1.20 1.11 1.21 
^Pooled data: two pregnancies and both periods combined. Refer 
to table A15 for the statistical analysis. 
Plasma collected after a 24-hour fast and a 2-hour postfeeding. 
^Ratio = postfed value/fasted value. 
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Table A15. Analysis of variance of plasma urea concentration 
Mean squares 
Source df After fast Postfed Ratio 
Treatment 4 21.2** 17.5** . 139** 
Linear 1 63.8** 43.6** .042 
Quadratic 1 16.1** 3.3 .102* 
Residual 2 4.6 23.0 .410 
Replication 4 .7 .6 .005 
Period 1 12.5 .7 .059 
Parity 1 .8 4.2 .063 
Rep X trt 16 1.1 2.0 .019 
Rep X period 4 1.8 1.1 .016 
Rep X parity 4 1.7 2.4 .079 
Trt X period 4 15.2 9.6 .275 
Trt X parity 4 1.2 4.5 .066 
Period x parity 1 .1 .3 .017 
Remai nder 56 1.1 1.7 .023 
* P <.05 
**P <.01 
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Table A16. Summary of plasma valine concentration as affected by valine 
intake, mg/100 ml^'^ 
Valine intake, g/day 
Item 3.27 5.54 7.81 10.08 12.35 
Valine, after fast 4.31 6.34 13.74 16.76 15.85 
Valine, postfed 2.46 5.66 20.96 43.62 25.48 
Valine ratio^ .57 .89 1.52 2.60 1.61 
^Pooled data: two pregnancies and both periods combined. Refer 
to table A17 for the statistical analysis. 
'^Plasma collected after a 24-hour fast and a 2-hour postfeeding. 
^Ratio = postfed value/fasted value. 
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Table A17. Analysis of variance of plasma valine concentration 
Mean squares 
Source df After fast Postfed Ratio 
Treatment 4 621.2** 5266.3** 5.41** 
Linear 1 2138.4** 13562.3** 16.96** 
Quadratic 1 149.4** 1680.3** 4.58** 
Residual 2 197.0 5822.8 .11 
Replication 4 5.1 33.7 .04 
Period 1 18.5 86.7 .10 
Pari ty 1 24.3** 814.8** .07 
Rep X trt 16 6.0 38.7 .03 
Rep X period 4 4.4 51.8 .06 
Rep X parity 4 .9 32.5 .07 
Trt X period 4 8.0 178.8 .15 
Trt X parity 4 36.5 357.7 .26 
Period x parity 1 34.8 37.9 .12 
Remainder 54 8.4 48.2 .04 
**P <.01 
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Table A18. Summary of lactation nitrogen metabolism as affected by 
valine intake during pregnancy, g/day^'^ 
Valine intake, g/day 
Item 3.27 5.54 7.81 10.81 12.35 
Fecal nitrogen (FN) 
Urine nitrogen (UN) 
—Retained nltroiien (RN)^ 
Nitrogen digestibility^ 
12.5 13.6 13.5 14.9 12.8 
34.7 30.0 34.5 31.2 31.7 
41.1 44.7 40.3 42.2 43.7 
85.8 84.7 84.8 83.1 85.4 
®Both lactations combined. Refer to table A19 for the statistical 
analysis. 
^Nitrogen intake, 80.74g first lactation, 95.88g second lactation, 
"^RN = NI - (FN + UN). 
^Nitrogen digestibility = (NI -  FN)/NI x 100. 
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Table A19. Analysis of variance of lactation nitrogen metabolism 
Mean squares 
Fecal Urine Retained Nitrogen 
Source df ni trogen nitrogen nitrogen digestibility 
Treatment 4 8.6 43.4 33.2 10.8 
Linear 1 4.1 22.6 7.5 5.8 
Quadratic 1 16.4 5.3 3.1 17.8 
Residual 2 14.0 145.7 122.0 19.5 
Parity 1 47.0** 125.7 1256.9** 2.2 
Replicate 4 25.1 4.7 38.4 32.8 
Rep X trt 16 11.1 70.2 69.6 14.3 
Trt X parity 4 5.0 11.5 18.5 6.2 
Remainder 20 4.6 29.9 40 .0 5.9 
Total 49 
**P <.01 
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Table 20. Summary of sov/ milk yield and nitrogen output during lactation 
as influenced by valine intake during pregnancy, g/day^'^ 
Valine intake g/day 
Item 3.27 5.54 7.81 10.08 12.35 
Milk yield 4652 4896 4828 4596 4504 
Milk nitrogen 30.7 29.4 39.9 37.4 37.1 
Nitrogen balance^ 10.4 , 15.3 .4 5.0 6.7 
Efficiency^ 34.8 33.3 45.2 42.3 42.0 
®Both lactations combined. Refer to table A20 for the stattistical 
analysis. 
'^Nitrogen intake, 80.74g per day first lactation, 95.88g per day 
second lactation. 
^Nitrogen balance - nitrogen retention (table A18) - milk 
nitrogen. 
^Efficiency = milk nitrogen/nitrogen intake x 100. 
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Table A21. Summary of milk yield and nitrogen retention as influenced 
by parity, g/day^'^ 
Pari ty 
Item First Second 
Milk yield 4022 5368 
Nitrogen retention (NR) 37.4 47.4 
NR/nitrogen intake, % 46.3 49.5 
®A11 replicates and treatments combined. Refer to table A19 and 
A22 for the statistical analysis. 
'^Nitrogen intake, 80.74g/day first lactation, 95.88g/day second 
lactation. 
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Table A22. Analysis of variance of milk yield and nitrogen balance 
Mean squares 
Milk Milk Nitrogen 
Source df yield nitrogen balance 
Treatment 4 .27 211.78 321.69 
Linear 1 .35 436.66 329.86 
Quadratic 1 .50 87.21 122.94 
Residual 2 .20 323.75 833.95 
Parity 1 22.63** 292.63 336.57 
Replicate 4 .70 445.67 391.64 
Rep X trt 16 1.48 113.16 196.69 
Trt X parity 4 .09 109.19 180.02 
Remainder 20 .87 180.84 219.09 
Total 49 
**P <.01 
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Table A23. Summary of litter performance at birth as affected by 
valine intake during pregnancy^ 
Valine intake, g/day 
Item 3.27 5.54 7.81 10.08 12.35 
Total pigs born/litter 9.3 10.0 9.5 10.7 10.2 
Live pigs born/litter 9.0 9.2 9.0 9.7 8.0 
Average litter weight 13.8 14.2 14.0 13.6 12.0 
Average litter weight, 
live pigs 13.9 14.3 14.1 13.8 12.2 
^Pooled data: two farrowings combined. Refer to table A24 for 
the statistical analysis. 
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Table A24. Analysis of variance of litter performance at birth 
Mean squares 
Pigs born Pigs born Avg litter Avg litter 
Source df total alive wt, total wt, alive 
Treatment 4 3.1 3.8 7.8 7.0 
Linear 1 6.2 2.2 17.7 15.8 
Quadratic 1 .3 6.0 12.9 11.5 
Residual 2 5.9 7.0 .7 .8 
Parity 1 1.6 .2 6.5 8.5 
Replicate 4 6.9 7.2 6.8 7.3 
Trt X parity 4 10.3 7.9 3.5 2.8 
Rep X trt 16 6.8 9.8 4.7 4.7 
Rep X parity 4 3.6 3.3 2.0 1.6 
Remainder 16 5.9 5.3 2.7 2.6 
Total 49 
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Table A25. Summary of litter weight gains as affected by valine intake 
during pregnancy, g® 
Valine intake, g/day 
Item 3.27 5.54 7.81 10.08 12.35 
Average weight gain/pig 
First week 700 700 875 546 555 
Second week 699 694 837 651 795 
Third week 1175 1147 1153 1079 1198 
Total 2574 2541 2865 2276 2548 
^Pooled data: two lactations combined. Refer to table A26 for 
the statistical analysis. 
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Table A26. Analysis of variance of litter weight gains 
Mean squares 
First Second Third Total 
Source df week week week gain 
Treatment 4 180156* 62247 20170 462546 
Linear 1 196071* 2767 471 265328 
Quadratic 1 169128* 20256 32864 7980 
Residual 2 355422 225967 47345 1576875 
Parity 1 1620 5387 56247 33076 
Replicate 4 6573 61862 170286 476192 
Trt X parity 4 79150 20240 45850 153896 
Rep X treatment 16 100807 116954 55906 405418 
Rep X parity 4 44639 363504 38596 659164 
Remainder 16 35244 73542 63749 216841 
Total 49 
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Table A27. Summary of reproductive performance as affected by valine 
intake during pregnancy 
Valine intake, q/day 
Item 3.27 5.54 7.81 10.08 12.35 
Gestation length, days® 115.8 115.8 116.4 115.1 115.5 
Days to estrus® 7.2 9.7 19.2 16.6 11.8 
Number of services^ 2.93 3.47 3.87 3.20 3.20 
Total embryos^ 12.0 9.8 11.8 11.5 11.8 
Live embryos^ 10.6 8.0 10.3 10.8 11.2 
Corpora lutea^ 15.2 13.8 16.0 14.2 14.6 
^Gestation length = x of two pregnancies; days to estrus = x two 
estrus cycles. Refer to table A28 for the statistical analysis. 
'^Number of services = x of three services. Refer to table A29 for 
the statistical analysis. 
^Refer to table A30 for the statistical analysis. 
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Table A28. Analysis of variance of days to estrus and gestation length 
Mean squares , 
Source df Days to estrus Gestation length 
Treatment 4 243.3 2.3 
Linear 1 259.2 1.7 
Quadratic 1 509.2 .9 
Residual 2 204.7 6.5 
Pari ty 1 669.8 .1 
Replication 4 255.5 3.4 
Rep X trt 16 370.7 2.0 
Rep X  parity 4 289.1 5.1 
Trt X  parity 4 275.2 1.5 
Remainder 16 172.3 1.0 
Total 49 
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Table A29. Analysis of variance of number of services 
Source df 
Mean square 
Number of services 
Treatment 4 1.9 
Linear 1 .1 
Quadratic 1 4.9* 
Residual 2 2.5 
Parity 2 1.2 
Replication 4 2.7 
Trt X parity 8 1.2 
Rep X trt 16 1.6 
Rep X parity 8 2.3 
Remainder 32 1.0 
Total 74 
*P <.05 
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Table A30. Analysis of variance of ovulation rate and fertilization 
rate 
Mean Squares 
Source df Total embryos Live embryos Corpora lutea 
Treatment 4 4.0 7.9 3.3 
Linear 1 .8 7.7 .3 
Quadratic 1 3.5 7.3 .0 
Residual 2 11.5 16.6 12.7 
Replicate 4 15.9 8.4 8.7 
Reminder 15 3.9 3.4 5.1 
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Table A31. Summary of sow weight changes as afected by valine intake 
during pregnancy, kg® 
Valine intake. g/day 
Item 3.27 5.54 7.81 10.08 12.35 
Gross gestation gain^ 32.7 37.4 40.0 40.8 41.8 
Net gestation gain^ 19.3 22.2 26.0 23.7 21.9 
Lactation gain^ -2.9 -5.4 -8.1 -4.6 -1.3 
^Pooled data: two pregnancies combined. Refer to table A32 for 
the statistical analysis. 
'^Gross gestation gain = prepartum - mating weights. 
^^Net gestation gain = postpartum - mating weights. 
"^Lactation gain = weight at weaning - postpartum weight. 
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Table A32. Analysis of variance of sow weight changes 
Mean squares 
Source df 
Gross gestation 
gain 
Net gestation 
gain 
Lactation 
gain 
Treatment 4 128.1 61.8 66.1 
Li near 1 438.1* 46.0 15.8 
Quadratic 1 70.1 174.7 226.1 
Residual 2 4.2 26.6 22.8 
Parity 1 5.1 86.9 6.5 
Replication 4 120.5 73.2 43.6 
Trt X parity 4 61.4 21.0 41.2 
Rep X trt 16 52.3 78.9 57.2 
Rep X parity 4 30.0 81.6 26.7 
Remainder 16 61.4 44.0 30.7 
*P <.05 
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Table A33. Summary of carcass measurements as affected by valine 
intake during pregnancy® 
Valine intake q/day 
Item 3.27 5.54 7.81 10.08 12.35 
Live weight, kg 147.9 144.2 146.0 153.5 149.8 
Carcass weight 107.1 104.4 103.9 114.8 112.2 
Loin eye area, 35.8 37.8 38.5 42.8 40.7 
Back fat, cm 2.90 2.88 2.42 3.38 3.08 
Length, cm 94.3 94.4 96.2 94.4 90.4 
Ham and loin, % 41.8 41.3 43.0 39.9 40.1 
Liver weight, kg 2.16 2.15 1.96 2.26 2.17 
^Refer to table A34 for the statistical analysis.  
Table A34. Analysis of variance of carcass measurements 
Mean squares 
Live Carcass Loin eye Back Ham and Liver 
Source df weight weight area fat Length loin weight 
Treatment 4 64.6 117.0 36.3 .6 22.4 7.8 6.1 
Linear 1 86.1 214.7 108.6 .4 30.2 10.8 .9 
Quadratic 1 11.4 49.1 7.6 .3 48.3 4.2 4.0 
Residual 2 160.8 204.1 25.8 1.7 10.9 16.0 19.2 
Replicate 4 255.9 201.4 26.6 .3 9.8 .8 10.0 
Remainder 16 289.2 228.8 24.6 .5 21.3 4.4 4.7 
Total 24 
